During the past century, clear-cut hardwood forests of the north central United States have regenerated, and trees have matured into size classes increasingly capable of producing cavities suitable for nesting ducks. We determined the density of natural cavities suitable for cavity-nesting ducks, compared suitable cavity-tree distribution by size class and species, and assessed how forest maturation impacted suitable cavity density and distribution over time at four sites in the north central United States. During 2006-2008, cavities suitable for nesting ducks occurred at densities of 1.76, 1.40, 1.84, and 0.92/ha at Mingo National Wildlife Refuge (NWR) in Missouri, Shiawassee NWR in Michigan, Muscatatuck NWR in Indiana, and a study site including Mead State Wildlife Area in Wisconsin, respectively. Suitable nest-cavity densities increased at Mingo NWR (+300%) since 1965 and Shiawassee NWR (+900%) since 1973, but they remained similar at study sites examined during the mid-1980s (Muscatatuck NWR and Mead Wildlife Area) when previous site-specific cavity-suitability criteria were applied to our cavity data. Differences among sites were due to variation in tree species composition, stage of forest maturation, and potentially forest harvest regimes. Comparison of size distributions of all trees and those with suitable nest cavities indicated these forests have yet to mature into the most prolific cavity-producing size classes. Our findings suggest nest sites are not limiting duck populations at these four sites and hardwood forests with similar composition and structure. Rather than using the traditional practice of supplementing duck nest sites, wildlife managers in the North Central region should assess actual limiting factors before developing habitat management prescriptions for local cavity-nesting duck populations.
goldeneyes nest in the northern portion along the boreal forest transition ( Figure 1 ; Bellrose 1980; Eadie et al. 1995) . Although these species use nest boxes, most females nest in tree cavities (Bellrose and Holm 1994; Dugger et al. 1994; Eadie et al. 1995) , with $90% of wood duck nests occurring in natural cavities (Soulliere 1990; Bellrose and Holm 1994) .
Ducks do not excavate nest sites and are largely dependent on natural processes to form cavities (e.g., broken limbs, woodpeckers; Bellrose and Holm 1994) . Cavity formation is a stochastic process, but cavity occurrence is positively correlated with tree age and size (Goodburn and Lorimer 1998; Fan et al. 2003 Fan et al. , 2004a Fan et al. , 2004b . A minimum tree diameter at breast height (dbh) Figure 1 . Study sites of cavity-nesting duck research in the North Central region of the United States. Wood ducks Aix sponsa and hooded mergansers Lophodytes cucullatus occur throughout the region, whereas common goldeneye Bucephala clangula breeding range approximates the Boreal Hardwood Transition. of 28 cm is generally required for formation of cavities suitable for duck nesting (Lowney and Hill 1989; Lee 1991; Havera et al. 1995; Ryan et al. 1998) . Tree cavities must have entrances large enough for a hen to pass through and a cavity platform (bottom) of adequate size to incubate a clutch of eggs. The majority of suitable cavities in the region form in live hardwood trees (72-98%; Bellrose and Holm 1994; Yetter et al. 1999; Zwicker 1999; Denton 2009) , and mature hardwood forests have more nest sites than younger hardwood or coniferous forests (Bellrose and Holm 1994; Vaillancourt et al. 2009 ).
At the turn of the 20th century, widespread habitat loss in conjunction with unregulated market hunting caused sharp declines in populations of North American cavity-nesting ducks (Phillips 1925 (Phillips , 1926 Bellrose 1980) . Removal of mature hardwood forests for timber and agriculture (Shifley and Sullivan 2002; Smith et al. 2009 ) resulted in a concomitant reduction in tree cavity nest sites for ducks (Phillips 1925 (Phillips , 1926 (Smith et al. 2009 ). Forest growth has led to an abundance of natural cavities suitable for cavitynesting ducks in hardwood forests of the region (Denton et al. 2012) , and concurrently, cavity-nesting duck populations have stabilized or increased, with marked increases in wood ducks and hooded mergansers (Sauer et al. 2011) .
Duck nest-cavity data have been collected in hardwood forests of the north central United States for 5 decades: studies completed in Illinois (Johnson 1959; Bellrose et al. 1964; Yetter et al. 1999; Roy Nielson et al. 2007) , Indiana (Robb and Bookhout 1995) , Michigan (Boyer 1974) , Minnesota (Nagel 1969; Gilmer et al. 1978) , Missouri (Hartowicz 1963; Weier 1966) , and Wisconsin (Soulliere 1988) reported suitable nest-cavity densities ranging from 0.11 to 8.42/ha. To date, nestcavity densities have not been assessed simultaneously at multiple study sites using the same suitability criteria or at sites where cavity density was previously estimated. Quantifying how nest-cavity density has changed over time and differs from other mature hardwood forests in the region will aid managers in determining the best approach regarding nest sites for nesting ducks. The objectives of this study were to 1) determine the density of natural cavities suitable for cavity-nesting ducks at four hardwood forests in the north central United States, 2) compare suitable cavitytree distribution by size class and species between sites, and 3) assess how forest development has affected suitable cavity density and distribution over time within sites.
Study Sites
We revisited Muscatatuck National Wildlife Refuge (NWR; original study by Robb 1986) in Indiana, Shiawassee NWR in Michigan (Boyer 1974) , Mingo NWR in Missouri (Weier 1966) , and Mead State Wildlife Area (WA) and adjacent forests in Wisconsin, hereafter Mead WA (Soulliere 1985) . Historical data were collected from random sample plots at both Muscatatuck NWR (Robb 1986) and Mead WA (Soulliere 1988) , whereas variableplot cruising methods (plotless) were used previously at Shiawassee NWR (Boyer 1974) and belt transects were previously used at Mingo NWR (Weier 1966) . With the exception of Mead WA, study sites were USFWS-owned lands with limited timber harvest in recent decades. Forest cutting was more extensive and intensive on both state and private land at Mead WA, yet all plots sampled contained mature hardwood trees capable of producing duck nest cavities. Our forest samples included all primary hardwood forest types found in the north central region of the United States (i.e., oak-hickory, maple-American beech-birch, aspen-birch, elm-ashcottonwood, oak-pine, and oak-gum-cypress; Shifley and Sullivan 2002) .
Muscatatuck NWR is located in Jackson and Jennings counties in southern Indiana (Figure 1 ). Hardwood forests were cleared by settlers for agriculture, and when the refuge was established in 1966, land-cover consisted primarily of agriculture (Muscatatuck National Wildlife Refuge 2011). Currently, Muscatatuck NWR encompasses 3,127 ha upland and bottomland hardwoods (2,369 ha), marshes, lakes, and croplands. Shiawassee NWR, in Saginaw County, Michigan, was established in 1953 after the forestland had been cleared, mined, and converted to agriculture during the early part of the century (Shiawassee National Wildlife Refuge 2012). The refuge now spans 3,815 ha with hardwood forests (1,395 ha), rivers, marshes, managed impounded wetlands (moist soil and marsh units), fields, and croplands. Mingo NWR is located in Stoddard and Wayne counties, in southeastern Missouri. The refuge was created in 1944 to reestablish old growth bottomland hardwood forests cleared by large lumber companies during the late 19th and early 20th century (Mingo National Wildlife Refuge 2009). By 1930, the land had been cleared, and it was used for grazing with frequent burning to maintain grassy conditions, and after numerous failed attempts to drain the area, a refuge was established in 1944 (Mingo National Wildlife Refuge 2009). During our study it contained 8,772 ha with bottomland and upland hardwood forests (5,214 ha), croplands, managed impounded wetlands (moist-soil units), grasslands, marshes, swamps, and lakes. Mead State Wildlife Area is located in Marathon, Wood, and Portage counties, in central Wisconsin. Most forests in the area were cleared in the late 19th and early 20th century by large logging companies. Unsuccessful attempts were made to drain the area during this time, and in 1933 a plan was developed to convert the area into a large reservoir by Consolidated Water Power and Paper Company (Mead State Wildlife Area 2012). Opposition to the project prevented the area from becoming a reservoir, and it was gifted by the company to the state in 1959 to establish a wildlife refuge (Mead State Wildlife Area 2012). Forests to the north of the public wildlife area in private and county ownership were included in our study because these areas also were examined during the previous cavity research project (Soulliere 1988) . At present, the stateowned portion of Mead WA contains 11,534 ha of wetlands, grasslands, upland, and floodplain forests. All hardwood-dominated forests (8,028 ha), both public and private, within a study area of 33,207 ha were included in the previous project and in our study.
Methods

Plot selection
We randomly selected 50 points representing 0.5-ha plot centers within forests at each of the four study sites by using the random point generator in ArcGIS (Environmental Systems Research Institute, Redlands, CA). Plots were located within mature hardwood and mixed hardwood-coniferous forests containing trees capable of producing suitable cavities for ducks ($28 cm dbh; Lowney and Hill 1989; Lee 1991; Havera et al. 1995; Ryan et al. 1998 ) with a minimum separation distance of 100 m to prevent overlap. Conifer-dominated forest coverage was sparse at each site and was not sampled due to its relatively low cavity production (Bellrose and Holm 1994; Vaillancourt et al. 2009 ). At Mingo NWR, we did not include bald cypress-water tupelo Taxodium distichum-Nyssa aquatica forests. We excluded this forest type because it was not examined during the past study at Mingo NWR (Weier 1966) , and it is uncommon in the North Central region (Shifley and Sullivan 2002) .
Data collection
Two-person teams visited study sites during winters 2006 (Indiana, Michigan) and 2007 -2008 after leaf-off to ensure the highest possible cavity detection rates. We used a handheld GPS to establish plot centers. Once located, we delineated sample plots in a 0.5-ha square (70.7 6 70.7 m) around the plot center. Crewmembers independently and then collectively searched all trees in the plot with binoculars; we considered trees ''in'' the plot if any part of the base touched the plot boundary. When potentially suitable cavity entrances were observed from the ground, we recorded tree data and then ascended to cavities using the single-rope technique (Perry 1978) or climbing spikes. We also noted and later assessed any additional cavity entrances detected while elevated.
We documented cavity entrance type (bucket [i.e. top entrance; chimney], side, or combination; Prince 1968), origin (woodpecker, broken limb, split-tree, or rot), entrance dimensions (square centimeters), platform dimensions (square centimeters), platform depth from entrance (centimeters), and height above ground (meters) at each cavity. We used minimum and maximum criteria from the literature based on actual wood duck nests: 6 6 6 cm (28-cm 2 ) minimum-entrance dimensions (Zwicker 1999) , 2,325-cm 2 maximum-entrance area (Robb 1986 ); 0-500-cm cavity depth from entrance, and $0.9-m minimum cavity height from the ground (Ryan et al. 1998; Roy Nielsen et al. 2007) ; and minimum platform dimensions of 14 6 15 cm ($165 cm 2 ; Haramis 1975). We used the formula for area of an ellipse ([length 6width 4 4] 6 p) to calculate entrance and platform area. Little data exist to quantify natural cavity criteria for hooded mergansers and common goldeneyes, but nest-site dimensions for these species are similar to wood ducks (Bellrose 1980) . In fact, where multiple species are present, interspecific nest parasitism occurs (Prince 1965; Soulliere 1985) , so we considered cavities of suitable dimensions for wood ducks to be suitable for all 3 species. We also considered cavities unsuitable if water pooled on the platform or if a hen would be visually exposed (Robb and Bookhout 1995) . There were a small number of cavity entrances we were unable to reach (typically snags unsafe to climb). We could not verify that those entrances led to cavities suitable for nesting, so those trees and cavities were not used in cavity density and distribution calculations.
We assessed cavity detection probability in five randomly selected survey plots at both Mingo NWR and Mead WA. After searching these plots from the ground for cavities, we climbed four large centrally located trees (one/plot quadrant) to a height of $12 m. We searched the entire plot from these elevated vantage points with binoculars for new cavities that were missed from the ground. If we found a new potentially suitable cavity while in the search tree, we ascended to it and measured the cavity's suitability for duck nesting.
Forest composition
We determined the distribution of larger trees capable of producing suitable cavities ($28 cm dbh; Lowney and Hill 1989; Lee 1991; Havera et al. 1995; Ryan et al. 1998 ) among species and size classes at 25 (24 at Mead WA) randomly selected plots from the 50 plots used to establish nest-cavity density at each site. We used a Biltmore stick or dbh tape to determine dbh, and defined ''tree density'' as the number of trees $28 cm dbh/ha. We defined ''cavity trees'' as trees with cavities deemed suitable for duck nesting and ''total trees'' as measured trees $28 cm dbh both with and without cavities. We recorded tree species that did not produce a suitable cavity and snags of unknown species as ''other'' during analysis.
Data analysis
We reported all estimates as mean 6 SE and used an a-level of 0.05 to test for significance when comparing results. We tested cavity density, cavity-tree size distribution, and total tree size data for normality with Shapiro-Wilk tests and homogeneity of variance with Levene's tests; all deviated substantially from the normal distribution (P , 0.0001) while maintaining homogeneity of variance (P . 0.64). Data transformations failed to achieve normality, so nonparametric statistics were deemed appropriate for data analysis. Nonparametric tests were used in other plot-based cavity density studies (Soulliere 1988; Robb and Bookhout 1995; Roy Nielson et al. 2007 ). We determined the percentage of suitable cavities by entrance type (side, bucket, or combination), origin of formation (broken limb and heart rot, woodpecker, broken trunk, or other processes), and tree status (dead or alive) for all sites combined. We calculated a cavity detection probability by dividing the number of suitable cavities found from the ground by the total number of suitable cavities found from both searches combined at Mingo NWR and Mead WA. We assumed detection rates were applicable to Muscatatuck NWR and Shiawassee NWR. We compared cavity density estimates including and excluding unsafe (unclimbable) trees using 1-tailed, 2-sample Mann-Whitney U (Wilcoxon) tests to determine whether the cavity density would be higher if the potential nest-cavity contribution of unsafe trees were added. We used 2-tailed Kruskal-Wallis tests to compare cavity densities between study sites. If a difference was detected, we performed post hoc Wilcoxon pairwise comparisons using a Bonferroni adjustment to the significance level, based on number of comparisons performed. We calculated the percentage of total trees containing cavities, percentage of cavities produced by dbh size class (28-29, 30-39, 40-49, 50-59, 60-69, 70-79 , and $80 cm dbh), and mean dbh of cavity trees at each site. Because tree cavities tend to form in older larger trees, we conducted a 1-tailed Kolmogorov-Smirnov test to determine whether suitable tree cavities occurred in trees from larger dbh size classes than was represented in the population of all trees with and without tree cavities. For each tree species recorded, we calculated the number of suitable nest cavities per tree, proportional representation among total trees, and proportional representation among total cavity trees at each site.
We used site-specific criteria when comparing past and present studies at each site because previous studies were conducted independently and researchers did not use the same criteria for cavity suitability (Table 1) . We compared past and present nest-cavity densities using 2-tailed, 2-sample Wilcoxon tests for Muscatatuck NWR and Mead WA to determine whether cavity densities differed over time. We could not make statistical comparisons between past and present cavity densities at Shiawassee NWR because of previous plotless data collection procedures and because of insufficient data at Mingo NWR. We compared past and present cavity-tree distributions by size class using a Kolmogorov-Smirnov test to determine whether cavities were in larger trees or continued to occur predominantly in trees of the same size as the former study. We selected this test because some larger tree size classes were not well represented in former studies, and these size classes may contribute disproportionately more cavities. We did not compare past vs. present cavity-tree size distribution at Mingo NWR because Weier (1966) only reported dbh for 5 of 17 (29%) cavity trees and the original study data were not available. We tested whether species composition of cavity trees had changed over time using chi-square tests at all four sites.
Previous research at Shiawassee NWR reported many large red maples Acer rubrum and sporadic silver maples Acer saccharinum, but we found abundant silver maples and few red maples. A species shift of this magnitude in 40 y is unlikely. Because these species can have similar trunk characteristics, commonly hybridize (Burns and Honkala 1990) , and we noted hybridization at the site, we believed the previous study (Boyer 1974) overemphasized the importance of red maple and underemphasized silver maple. That led us to combine the two closely related species for past versus present analysis as ''soft maples.''
Results
In total, 186 cavity entrances leading to 148 tree cavities deemed suitable for duck nesting were recorded in 143 cavity trees (some trees contained more than one cavity and some cavities had more than one entrance) at the four study sites (Table S1 , Supplemental Material, http://dx.doi.org/10.3996/112011-JFWM-067.S1). All suitable nest-cavity entrances were greater than the minimum-size criteria (.6 6 6 cm; 28 cm 2 ), and only two cavity entrances approached it (6 66.25 cm and 6.5 6 6 cm). Most suitable nest cavities had side entrances (86%), compared with bucket (12%) and combination (2%). Sixty-nine percent of cavity entrance formation seemed to be the result of broken limbs and subsequent decay, 17% were formed by woodpeckers, 8% by broken trunks, 4% by rotted trunks, and 2% by other processes. Live trees contributed 84% of the suitable nest cavities (Table S1 , Supplemental Material, http://dx.doi.org/10. 3996/112011-JFWM-067.S1). Nest-cavity detection rates by ground-survey crews were high (100% at Mingo NWR and 98 6 2% at Mead WA). Thirty-seven possible cavity entrances were located in trees considered unsafe to climb: 8 at Muscatatuck NWR, 11 at Shiawassee NWR, 10 at Mingo NWR, and 8 at Mead WA. If all these cavity (Robb 1986 ) and $3.7 m (Soulliere 1985) .
entrances were assumed to lead to suitable nest sites and included in the sample, the increase in density was not significant at any site (z = 0.17, P = 0.86, r = 0.02; z = 0.87, P = 0.38, r = 0.12; z = 0.87, P = 0.38, r = 0.1; z = 0.26, P = 0.79, r = 0.05).
Cavity characteristics among sites
Nest-cavity density differed among sites (x 2 = 7.78, df = 3, P = 0.05; Table 2), although post hoc multiple comparisons indicated a significant difference only between Mead WA and Mingo NWR. Southern sites (Muscatatuck NWR, 2.0%; Mingo NWR, 1.3%) had a higher proportion of large (dbh $ 28 cm) trees with nest cavities compared with northern sites (Shiawassee NWR, 0.9%; Mead WA, 0.9%). Trees 70-79 cm dbh accounted for the highest proportion of suitable cavities relative to their abundance at Muscatatuck NWR and Shiawassee NWR, whereas trees 50-69 cm dbh had the highest proportion at Mingo NWR and Mead WA (Figure 2 ). Few trees $70 cm dbh occurred at Mead WA.
Tree sizes producing most nest cavities were 50-59 cm dbh at Muscatatuck and Mingo NWRs, 40-49 cm at Shiawassee NWR, and 30-49 cm at Mead WA (Figure 3 ). Mean dbh of cavity trees was 57.9 6 2.9 cm at Muscatatuck NWR, 54.9 6 2.0 cm at Mingo NWR, 50.1 6 2.9 cm at Shiawassee NWR, and 46.4 6 3.1 cm at Mead a Nest-cavity density based on current suitability criteria applied consistently at all sites. b Nest-cavity density based on suitability criteria reported during the previous study at each site. c All raw data were available from the past study so the current criteria were applied to past data.
WA (Table S1 , Supplemental Material, http://dx.doi.org/ 10.3996/112011-JFWM-067.S1). Trees containing suitable nest cavities were 28.5-103.6 cm dbh at Muscatatuck NWR, 22.9-108.2 cm at Shiawassee NWR, 33.0-95.5 cm at Mingo NWR, and 28.0-76.0 cm at Mead WA. The relatively small 22.9-cm dbh tree with a suitable cavity at Shiawassee NWR had an unusually enlarged trunk where the cavity was located. All other cavity trees at Shiawassee were .28 cm dbh. The 22.9-cm dbh tree was included in the smallest (28-29-cm dbh class) for analysis. Trees with suitable nest cavities belong to larger dbh size classes than represented in the sample population of all trees (P , 0.001; Figure 3 ). Trees with nest cavities were larger at Muscatatuck NWR than at Shiawassee NWR (D = 0.33, P = 0.03) and Mead WA (D = 0.40, P = 0.02), but cavity trees at Mingo NWR were marginally different than northern sites (D = 0.27, P = 0.12; D = 0.34, P = 0.07; Figure 3 ). Size distributions of cavity trees did not differ among southern sites (Muscatatuck NWR and Mingo NWR; D = 0.17 P = 0.59) or among northern sites (Shiawassee NWR and Mead WA; D = 0.24, P = 0.42).
At Muscatatuck NWR, the most common tree species $28 cm dbh were tulip tree Liriodendron tulipifera, red maple, and sweetgum Liquidambar styraciflua (Table 3) . However, American beech Fagus grandiflora contributed more potential duck nest cavities relative to its occurrence in the forest community (0.1 cavities/tree), followed by red maple (0.02 cavities/tree), and sycamore Platanus occidentalis (0.02 cavities/tree). Within each of these species, most cavities were found in $80 cm dbh American beech, 70-79 cm dbh red maple, and 50-59 cm dbh sycamore.
The most numerous large (dbh $ 28 cm) trees at Shiawassee NWR were silver and red maple (''soft maple''), green ash Fraxinus pennsylvanica, and eastern cottonwood Populus deltoides, with the most cavities produced by soft maples (Table 3) . Soft maples produced 0.02 cavities/tree, whereas other species formed cavities at a rate of #0.01 cavities/tree. Soft maples with 70-79 cm dbh produced the most nest cavities at Shiawassee NWR.
The most abundant species of large (dbh $28 cm) trees at Mingo NWR were overcup oak Quercus lyrata, red maple, pin oak Q. palustris, willow oak Q. phellos, and sweetgum, with the most prolific cavity-producers being pin oak, blackgum Nyssa sylvatica, and green ash (Table 3) . Blackgum (0.25 suitable cavities/tree) and green ash (0.06 suitable cavities/tree) were better nestcavity producers per tree than pin oak (0.01 suitable cavities/tree) and all other species (0.01 suitable cavities/ tree). Most blackgum cavities occurred in the 70-79-cm dbh size class whereas most green ash cavity trees were in the 40-49-cm dbh size class. Pin oak cavities formed most often in trees 60-69 cm dbh.
At Mead WA, the most common large tree species recorded were sugar maple Acer saccharum and quaking aspen Populus tremuloides (Table 3) . Sugar maple had the highest proportion of trees with suitable nest cavities (0.02 cavities/tree), followed by American basswood Tilia Americana (0.01 cavities/tree), quaking aspen (#0.01 cavities/tree), and all other species of trees (#0.01 cavities/tree). Sugar maple cavity trees with 60-69 cm dbh contained a higher proportion of cavities relative to their abundance. American basswood cavity trees occurred most often in the 30-39-cm dbh size class and quaking aspen cavity trees were found in trees with 28-39 cm dbh. No quaking aspen $60 cm dbh were recorded.
Comparisons between past and current conditions
Current estimates of suitable nest-cavity density seemed higher than in the past at all four sites using the uniform criteria defined in this study, but when past study-specific criteria were applied (Table 1) , we did not detect cavity density changes at Muscatatuck NWR (1985; z = 0.02, P = 0.98) and Mead WA (1984; z = 0.75, P = 0.45). Cavity density estimates at Shiawassee NWR and Mingo NWR increased by 900 and 300%, respectively (Table 2 ), but statistical comparisons were not possible. Figure 4c ). We did not compare past and present distribution at Mingo NWR because of incomplete historical tree dbh data. Proportion of duck nest-cavity production by tree species remained similar at Muscatatuck NWR (x 2 = 2.82, df = 3, P = 0.42) and Mead WA (x 2 = 0.11, df = 3, P = 0.99) but changed between study periods at Shiawassee NWR (x 2 = 5.63, df = 1, P = 0.02) and Mingo NWR (x 2 = 9.62, df = 3, P = 0.02). Soft maples were most important in both studies at Shiawassee NWR, but an increase in soft maple cavity production and a decrease in the number of other species producing cavities were evident. Mingo NWR, where tree species Table 3 . Distribution of suitable nest-cavity trees for ducks and total large ($28 cm diameter at breast height) trees among tree species at Muscatatuck National Wildlife Refuge (NWR; total trees = 1,565, cavity trees = 43) in Indiana; Shiawassee NWR (total trees = 2,180, cavity trees = 33) in Michigan; Mingo NWR (total trees = 2,034, cavity trees = 45) in Missouri; and Mead Wildlife Area (WA; total trees = 1,326, cavity trees = 22) in Wisconsin, 2006 Wisconsin, -2008 composition was relatively diverse, had an increase in the importance of pin oak as a duck nest-cavity producer and decrease in the importance of blackgum and green ash.
Discussion
Nest-cavity density estimates should be interpreted as minimum values from this study for two reasons. First, several cavities at each site could not be assessed due to unsafe climbing conditions (n = 37 total observed entrances not examined). Second, and this is specific to Mingo NWR, baldcypress and water tupelo swamps were not sampled to follow the site-selection protocol of previous research at this location. Given that baldcypress and water tupelo are known to be important nest-site producers (Lee 1991; Bellrose and Holm 1994) , and the few baldcypress (2% of total trees) found within our plots at Mingo NWR accounted for ,4% of nest cavities (Table 3) , omission of this forest type probably resulted in further underestimating nest-cavity densities at this study site. Nevertheless, current cavity densities found at the four study areas were comparable to or relatively high compared with other studies conducted throughout the region, especially most of those completed long ago (Table 4) .
Tree age, tree size, forest composition, forest latitude, and the propensity of each tree species to form cavities act in combination to determine the current density of suitable duck cavities. All plots at the four study areas contained mature trees capable of producing cavities suitable for duck nesting, although tree species composition and size structure differed among areas. More specifically, cavity densities differed among the northernmost (Mead WA) and southernmost (Mingo NWR) sites. Mead WA had the fewest trees .28 cm dbh and had fewer tree species known to be regionally important for cavity production because it was located north of the range of many of the cavity-producing species found at Mingo NWR. Nonetheless, the four hardwood forests sampled contained species and size classes of trees commonly occurring across the region, and species or species groups known to be important cavity producers for ducks (i.e., maples, American beech, sycamore, basswood, blackgum, elms, and oaks; Bellrose and Holm 1994) . Although some tree species are less prone to forming cavities, their relative abundance can result in a large contribution to cavity-nesting ducks (Roy Nielsen et al. 2007 ). Blackgum, sycamore, basswood, and American beech exemplify species found among the four forests prone to producing suitable cavities that were found in relatively small numbers, whereas maples and oaks produced fewer cavities/tree, but they were more common. Even though cavity formation is a stochastic process (Fan et al. 2003 (Fan et al. , 2004a (Fan et al. , 2004b , these species tend to be more prone to forming cavities through limb and trunk breakage, rot, woodpecker damage, or a combination of these factors.
Larger trees ($60 cm dbh at southern sites, $50 cm dbh at northern sites) produced more cavities/tree, but most cavity production occurred in the mid-dbh ranges (40-59 cm dbh at southern sites, 30-49 cm dbh at northern sites), which were also more numerous than larger trees. Mid-size dbh classes were less abundant than smaller trees (,40 cm dbh at southern sites, ,30 cm dbh at northern sites), including those too small to produce cavities (10-27 cm). This intermediate dbh size class of trees represented maximum cavity production relative to other size classes at each site. However, as trees move into larger size classes ($60 cm at southern sites, $50 cm at northern sites), tree abundance declines due to increased tree mortality, even as the density of cavities/tree increases.
In our comparison of past and present conditions, we examined four sites previously studied by different investigators at different times using different methods. Ideally, a comparison of past and current nest-site density would use exactly the same methods. To expand our analyses, we contacted investigators of each previous study and obtained as many original data as possible to refine comparisons. Due to the various methods used, statistical comparisons of past data were incomplete and only made when appropriate. Our estimated densities of cavities suitable for duck nesting were higher than reports at Mingo NWR 42 y ago (Weier 1966) , Shiawassee NWR 35 y ago (Boyer 1974) , Muscatatuck NWR 23 y ago (Robb and Bookhout 1995) , and Mead WA 24 y ago (Soulliere 1988) . However, when past, study-specific criteria for suitability were applied to current nest-cavity data (Table 1) , the number of suitable cavities seemed to increase at only two sites examined earlier (Mingo NWR and Shiawassee NWR), whereas cavity density at sites examined more recently (Muscatatuck NWR and Mead WA) did not change significantly. Given the magnitude of change at Shiawassee NWR and Mingo NWR, we are confident a biologically meaningful increase in suitable nest-cavity density has occurred.
Trees grow rapidly early in development and attain a maximum growth rate that then declines as they reach maturity (Thomas and Packham 2007) . We believe the previous study at Mingo NWR took place during an early stage in forest development when most trees were still too small to house cavities suitable for nesting ducks. Forest expansion and succession in concert with continued growth of trees existing in 1965 probably led to a substantial increase (we estimate 300%) in potential duck nest cavities at Mingo NWR. During the previous study at Shiawassee NWR, the largest tree size class accounted for most nest cavities, which differed from our findings of more abundant cavities in intermediate size classes. However, examination of historical information provides insight to this condition. Boyer (1974, p. 8) stated, ''A large portion of the Refuge's timber had a dbh of 6 inches (15 cm) or less and could quickly be eliminated without lengthy searches, because the larger trees more likely to contain cavities were easily seen.'' This observation suggests there were two groups of trees: remnant large trees, relatively less in number, and an abundant young forest cohort. Cavity trees found during 1973 consisted largely of mature soft maples that may have died or lost cavities before our study. For trees that were most abundant (13-15 cm dbh) in 1973, application of a growth rate of 0.6-0.9 cm/y at Shiawassee NWR (Boyer 1974) resulted in a projected current size of 33-46 cm dbh. This dbh range accounted for by far the highest proportion of cavity trees (45%) in 2007. Thus, much of the forest at Shiawassee NWR was at an early stage in development when assessed by Boyer (1974) . In addition, species composition of cavity trees has shifted further toward soft maples. Soft maples are generalists and have high tolerance to various climates, soil conditions, topography, and sunlight (Burns and Honkala 1990) . At Shiawassee NWR, their shade tolerance allowed them to become established in the understory and midstory between 1973 and 2007, and upon death of the overstory shade intolerant species, they quickly filled the void. Further development of the forest seems to have increased cavity density dramatically (we estimate 900%).
At Muscatatuck NWR, nest-cavity density, cavity-tree distribution among size classes, total tree distribution among size classes, and cavity-tree species composition has changed little since 1985. Trees had probably already surpassed the stage of maximum diameter growth by the time of Robb's (1986) research. Cavity loss seems to be matched by cavity formation at Muscatatuck NWR, leading to similar cavity densities.
At Mead WA, current nest-cavity density, cavity-tree species composition, large tree abundance, and tree size distribution remained similar to that recorded in the 1980s (Soulliere 1988) . Hardwood thinning during the past decade was apparent at several locations encompassed by Mead WA, especially on county and privately owned lands. Both natural and artificial processes control nest-cavity density at Mead WA, and the relatively intense forest harvest regime may have contributed to limited increase in nest-cavity density. Even with current levels of timber harvest, we believe nest-cavity production at the Mead WA study site should remain relatively stable or slowly increase albeit varied on differing ownerships. Current densities on state-owned lands encompassed by the Mead WA (i.e., excluding sampling on private lands and county lands) were 1.27 6 0.61 suitable nest cavities/ha.
Extrapolating density estimates from our sample plots to the area of hardwood and mixed hardwood forest encompassed by the boundaries of our study sites yields 4,169 6 1,019 suitable duck nest cavities in 2,369 forested ha at Muscatatuck NWR; 1,953 6 432 suitable cavities in 1,395 forested hectares at Shiawassee NWR, 9,594 6 1,825 suitable cavities in 5,214 (non-bald cypress/tupelo dominated) forested hectares at Mingo NWR, and 7,386 6 3,051 suitable cavities in 8,028 forested ha at the Mead WA. Each of these areas also maintains a duck nest-box program, although the number of nest boxes pales in comparison to the estimated number of suitable natural cavities available to ducks. Time and resources are expended each year to check and maintain nest boxes at these and similar wildlife management areas the region, where maturing forests are now providing increasing densities of natural cavity nest sites.
The estimated number of suitable natural sites currently available to cavity-nesting ducks in the North Central United States was approximately 20 million, with an increasing trend (Denton et al. 2012 ). This value exceeds regional population goals for cavity-nesting ducks (Soulliere et al. 2007) by .2,000%. In addition, a review of wood duck cavity studies conducted between 1952 and 1987 documented only one in four suitable nest sites were occupied by wood ducks, with one in three unused by any species (Soulliere 1990) . A more recent southern Illinois study found 1 in 20 suitable nest cavities used by wood ducks with three in four unoccupied during spring (Zwicker 1999) . Further increases in duck-cavity production are anticipated as these forests mature and community composition continues to change. Considering the density of suitable nest cavities, large size distribution of cavity trees, and low cavity occupancy, there is simply no evidence nest sites are limiting cavity-nesting duck populations at our four study sites or similarly managed hardwood forests in the North Central region. Rather than using the traditional practice of supplementing duck nest sites with boxes, wildlife managers should assess other potential limiting factors when developing habitat management prescriptions for cavity-nesting ducks and other local wildlife populations.
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